Introduction
Text S1 -S2 and Figures S3 -S4 provide a synthesis on the Black Sea hydrodynamic and sediment budget implemented in 1D in the model. Text S3 explains the parametrization and off-line coupling of the atmospheric model WRF/Chem-Hg. Figures S1 and S2 illustrate HgD and MeHgD profiles measured during the 2013 GEOTRACES MEDBlack cruise at each of the ten deep stations; the data are plotted against potential density anomaly in Figure S1 and against depth in in Figure S2 . Table S2 -S6 provide the parametrizations of the processes of Hg cycling in the WASP Hg model. Site-specific data and coefficients used for model implementation are given in Tables  S7 -S9.  Table S10 is a review of literature studies on Hg methylation and demthylation. Table S11 provides Hg and MeHg data for each sample of the ten deep stations of the Black Sea and for the Marmara Sea station.
Text S1. Water balance Each year, around 605 km 3 of surface water leaves the Black Sea through the Bosporus Strait, while 305 km 3 of Mediterranean waters enter the Black Sea at depth <50 m. Riverine input (~350 km 3 ) compensate the imbalance between incoming and outgoing water, and evaporation (~350 km 3 ) exceed precipitations (~ 300 km 3 ). The Bosporus inflow mixes with the CIL waters and sinks along the shelf slope, generating horizontal intrusions that cause mixing between coastal and open water [Ozsoy and Ünlüata, 1997] . We set the water flow to represent the inflow from Marmara that mix with the CIL, sinks into the suboxic zone and upwell toward the oxic zone (Figure 1b) . No water masses flow into the anoxic zone, which is subject only to weak vertical exchange due to eddy diffusion (5.5·10
-6 -1.1·10 -5 cm s -1 , see Table 1 ).
Text S2. Sediment balance
Concentrations of suspended particulate matter (SPM) in the Marmara Sea subsurface layer, which forms the inflow to the Black Sea, were calculated from beam attenuation coefficients (BAC) at 660 nm measured during the cruise. BAC values were converted to SPM concentrations (mg L -1 ) according to the regressions equations computed for the Aegean Sea (eq. 1 and 2), where cp(λ) is the attenuation due to particles at a given wavelength (λ): Through equations 1 and 2, we estimated an average SPM concentration of 150 µg/L, of which ~75 µg/L are of POM, according to POC measurements [Çoban-Yıldız et al., 2000 [Çoban-Yıldız et al., , 2006 . The Sea of Azov carries 12-14 km 3 y -1 of water to the Black Sea each year, with average SPM concentrations of 11.6 mg L -1 [Agapov et al., 2012; Ovsienko et al., 2012] . Riverine solid load was estimated from the literature [Jaoshvili, 2002; Panin and Jipa, 2002; Tescari et al., 2006] ; the sediment export beyond estuaries was estimated taking into account the river sediment dispersal typology [Walsh and Nittrouer, 2009] Figure S1 , Table S8 ). Riverine POM account for 4% of total solid load [Deuser, 1971] except in the Danube, where POM is the 20-30% of SPM [Berlinsky et al., 2006] . Seasonal rates of offshore primary production (PP) were measured in the South-Eastern Black Sea [Agirbas et al., 2014] . Around 80% of POM produced in the photic zone is respired and recycled within the OL, while the remaining is exported to the AOL, where the degradation is slower but detectable [Deuser, 1971; Grégoire and Soetaert, 2010; Margolin et al., 2016] . At the lower end of the SOL, upward fluxes of reduced chemical species from the AOL fuel microbial chemoautotrophic production, which is responsible for 20% -89% of total water column production and is maximum at the lower end of the redox nepheloid layer (RNL) [Pimenov and Neretin, 2006; Yılmaz et al., 2006] . The RNL is composed by a mixture of bacteria, precipitates, organic and inorganic matter and is located at lower end of the SOL where oxygen completely disappears (σθ=16.08 in Nyffeler et al., [2007] ).
In the model implementation ( Figure S3 ), 60 million t of POM are produced each year in the euphotic sub-layers of the OL (O1 and O2), and the 77% is remineralized within the OL and SOL. Chemoautotrophy was parametrized by setting POM production within the SOL (as the 30% of total water column production, 32 million t y -1 ). Nearly all the POM produced in the SOL is degraded in the underlying sub-layer of the AOL (A1); below (A1 -A4) the degradation rates of the residual POM are slower. POM sinking velocities along the water column were assumed to vary along the water column, as already done by other authors [Konovalov et al., 2004; Yakushev et al., 2007; Grégoire and Soetaert, 2010] . In the euphotic zone, where most of the SPM is given by POM, mainly living plankton, we set settling velocities at 0.5 m d -1 . Below, the settling velocity of POM detritus increases at 2 m d -1 in CIL and oxycline. Chemosynthetic production in the lower SOL leads to the formation of larger aggregates of organic and inorganic matter, making the average settling speed increase up to 3.5 m d ) due to the dissolution of Fe/Mn oxides, and decrease further in the lower anoxic layer (1 m d -1 ) due to the formation of smaller sulfidic compounds. The resulting burial rate is 0.21 mm y -1 , comparable to the range reported by Yücel et al., [2012] . The modeled SPM profile is shown in Figure S3 along with SPM concentrations estimated from BAC measurements. Model equations governing sediment dynamics are given in Table S4 .
Text S3. Implementation of the atmospheric model WRF/Chem-Hg
The WRF/Chem-Hg model [Gencarelli et al., 2014 [Gencarelli et al., , 2015 [Gencarelli et al., , 2017 ] is a modified version of WRF/Chem model (version 3.4) [Grell et al., 2005] which includes emissions, transport, atmospheric chemistry and deposition of Hg. In this work, the model domain was adapted to include the entire Black Sea surface area. Modeled rates of Hg deposition over the Black Sea where mediated to obtain an average monthly load. The Hg emissions in the WRF/Chem-Hg model include online gaseous elemental Hg (GEM) evasion from sea surface (based on Wanninkhof, [1992] The gas phase chemistry of Hg and a parametrized representation of atmospheric Hg aqueous chemistry have been added to the RADM2 chemical mechanism using KPP [Sandu and Sander, 2006] and the WKC coupler [Salzmann and Lawrence, 2006] while the atmospheric physics and transport are solved by the WRF model core using the parametrizations described in [Gencarelli et al., 2014] .. Hg dry deposition is treated according to the approach developed by Wesely, [1989] and calculated as described in [Lin et al., 2006] . Wet deposition (in-cloud and below-cloud scavenging) of Hg species has been implemented adapting an already available module in WRF/Chem, based on the approach described by Neu and Prather, [2012] . Chemical Initial and Boundary Conditions were taken from the ECHMERIT model [Jung et al., 1 Figure S1 . HgD (black circles) and MeHgD (grey squares) water profiles observed at the ten deep stations in the Black Sea during the 2013 GEOTRACES MEDBlack cruise. Horizontal grey lines indicate the boundaries of oxic, suboxic and anoxic layers. Potential density anomaly (σθ = σ(S, θ, 0) -1000, kg m -3 ) is used as vertical axes. Stations are ordered from the westernmost to the easternmost (see Figure 1a in the main text). Figure S4 and Table S8 ). S POM POM settling and deposition
S Hg P settling and deposition of particulate Hg
S MeHg P settling and deposition of particulate MeHg [Deuser, 1971; Grégoire and Soetaert, 2010; Margolin et al., 2016] ph.dem MeHg photo-demethylation
short wave flux at the sea surface [ Panin and Jipa, 2002; Walsh and Nittrouer, 2009; Amos et al., 2014; Zhang et al., 2015] (5% of river HgT) [Balogh et al., 2003; Paller et al., 2004; Sharif et al., 2014; Soerensen et al., 2016] [Gårdfeldt et al., 2003; Fantozzi et al., 2013; Soerensen et al., 2013; Kotnik et al., 2015] g m -3 Table S8 . Estimation of riverine load of sediment, HgP and HgT, assuming that HgP is 97% of HgT. The fraction of the load exported by the tributary of the Black Sea (fexp) [Zhang et al., 2015] Table S10 . Published km and kdm rates (and their ratio kdm / km) from incubations of water and sediment with their natural microbial communities. Rates were used to design the ensembles of simulations to test different scenarios of MeHg methylation and demethylation rates along the redox gradient (see section 2.6, Table 2 and Figure 7 in the main text). Rates within the range measured in oxic conditions were applied to the oxic layers (OL) of the model (layers O1 -O4); rates within the range measured in suboxic conditions were applied to the suboxic layer of the model (SOL, layer S); and rates within the range measured in anoxic conditions where applied to the anoxic layers (AOL) of the model (layers A1 -A4) and to the sediment layers (SED1 and SED2). Table S11 . Concentration data of HgD (n = 149), MeHgD (n = 187), O2 (n = 264), and HS -(n = 264), measured in the Black Sea and Marmara Sea during the 2013 GEOTRACES MEDBlack cruise (GA04-leg1 and GN04_leg2). The depth (m) and potential density anomaly (σθ = σ(S, θ, 0) -1000, kg m -3 ) are given for each sample.
